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of potcntial betwecn the earth and the upper regions of the 
air both at  the poles niid the equator. At  the poles the dis- 
cliarge of the aurora takes place in the dry atmosphere. At  
the equator the electrostatic attraction of the earth for the 
upper atmospheric layers causes the atmosphere to be in un- 
stable equilibrium. At  some spot of least resistance the upper 
atiriosphere rushes toward the earth, moisture is condensed, 
and a conductor thus formed on which electricity can collect; 
and so the whole forms a conducting system by which the 
electric potential of the upper air and the earth become more 
nearly equal. This is the phenomenon known as the thunder- 
storm. 

Hence, were the earth electrified, the electricity would be 
carried to the higher latitudes by convection, would there dis- 
charge to the earth as an aurora, and passing back to the 
equator would get to the upper regions as n lightning dis- 
charge, once more to go on its unending cycle. I leave the 
details of this theory to the future. 

Baltimore, Bhy 30, 1879. 

AppencZin.-Since writing the above, Professors Ayrtoii and 
Perry’s piper has appeared in full ; and I am thus able to point 
out their crror more esactly. Their forinula at the foot of 
page 406 is almost the same as mine ; but on page 407, in the 
fourth equation, the exponent of n should be +i instead of 
-$, which increases their result by about 600,000,000, and 
makes it practically the same as my owii. 
I: o t  terdrtm, July 13 t h. -- 

XV. Notes f r o m  the Physical Labomtory of University College, 
Br is to l .  B y  Prof. SILVANUS P. THONPSON, B.A., D.Sc.* 

I. On the Source of Sound in the Bell Telephone. 
THE question has been at various times and in sundry 
places discussed whether the sounds emitted by the Bell 
telephone, when used as a receiver of currents, are caused by 
molecular vibrations in the instrument, or are due to vibra- 
tions esecuted by the thin iron disk as a whole. The former 

* Read April 2ci, 1879. 

a 
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theory appears to have been started by Professor Bell himself * 
in order to account for the transmission of speech by instru- 
ments having very thick iron diaphragms, and by the instru- 
ments having no diaphragms at all. This view has been also 
upheld by the Comte Du Moncel in several communications 
to the learned societies of France. The other view appears to 
have been first distinctly put forward by Mr. W. H. Preece, 
in introducing the telephone to the British Association a t  
Plymouth in 1877t ; and it has for its most vigorous suppor- 
ters M. A. NiaudetS and Colonel Navez, the latter of whom 
has replied more than once to points raised by M. Du Moncel. 
It is a view which appears also to be supported by tho recent 
experiments of Professor Hughes. 

The evidence now to be adduced, though not absolutely 
conclusive on the point at issue, opens out several fresh points 
of interest. It consists, in brief, of the results obtained by 
applying to the field of the telephone the experimental method 
of studying the so-called lines of force, originally due to Gil- 
bert, and developed by Faraday. The details of the method 
followed by the present writer are identical with those de- 
scribed in his communication of June 23, 1878, “ On Magnetic 
Figures,” &c., and which consists in fixing permanently onto 
glass plates the figures obtained by iron-filings. 

The figures obtained by means of iron-filings were resorted 
to with the view of ascertaining whether the changes in the 
magnetic field of the telephone were sufficiently marked to 
account for the alleged motions executed by the iron diaphragm, 
or whether they were such as to give any support to the mo- 
lecular hypothesis. 

The first step was to investigate the field of a bar-magnet 
when one pole was placed near a thin iron diaphragm. 

It was known at the outset that a thin plate of magnetic 
matter might be magnetized in an enormous variety of w r a p .  
The magnetism might be distributed on the two faces, or in 
the manner known as lamellar ; or, instead, any two points in 

* A. Giahrtln Bell, (( Researches in Electric Telephony,” Journ. SOC. 

t Rep. Brit. Assoc. 1877, Plymouth, p. 13, W. 11. Preete, C.E., “On 

$ Tdlt?j)hones et Phonogrrqrhos, p. 92. 

Telegr. Eng. 1878, p. 414, vol. vi. 

the Telephone.” 
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the disk might be taken as conjugate poles ; or any number 
of poles might be introduced ; or, as in the magnets of M. 
Dutsr, the magnetization might be radially distributed, the 
central portion having one polarity, the other polarity existing 
all round the circumference. De Haldat showed that a variety 
of irregular magnetizations might be produced by touching 
steel plates with the pole of a powerful magnet; and the pre- 
sent author also found analogous effects to be produced by 
passing currents through steel disks. It therefore became a 
matter of some interest to determine the character of the mag- 
netization of the telephone-disk. 

The figures exhibited two unsuspected features :-first, that 
when the diaphragm is larger than the end-face of the magnet, 
and even when it does not touch it, the distribution of the 
magnetism induced in the diaphragm is partially lamellar in 
character, partially radial. The central portion is magne- 
tized almost entirely normally to its plane ; the exterior por- 
tion is radially magnetized-a narrow annular region lying 
between these, in which the character of the magnetization 
is mixed. It was further observed that this neutral zone is 
of greater diameter when a larger magnet is employed, and 
that it enlarges also as the distance separating the magnet 
and the diaphragm is increased. It is more strongly marked 
as a region of separation between the central lamellar portion 
and the outer radially magnetized portion in the diaphragms 
of thin material than in those of thick. The position of this 
neutral annular zone is marked in fig. 1 (p. 101), which is 
a sectional diagram compiled from the figures produced by 
filings, by a point of flexure in one of the " lines of force " pro- 
ceeding from the pole towards the diaphragm. The second 
feature noticed was that ,some of the outermost lines of force 

I ran round to the front of the disk, entering it very near ita 
circumference. 

The next effect to be studied was that produced by the 
magnetic inductive action of a current traversing a coil of 
wire about the pole. For the convenience of obtaining the 
filing-figures upon glass plates but one ,turn of wire was em- 
ployed, passing through holes drilled in the glass, and situated 
as is the coil in the Bell telephone over the pole of the mag- 
net, the position arbitrarily found t.he most efficient in the 
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construction of that instrument. In almost all modem ole- 
mentary treatises on electromagnetics it is shown that the field 
of a plane closed circuit is equivalent to that of a lamellar 
magnetic shell of equal strength, or one which has an equal 
number of lines of force passing through t,he area it occupies. 
The result of pnssing t.he current around the pole of the mag- 

net will therefore be, 80 far as t,ho field in the plane of the coil 
is concerned, to increase or diminish respectively the number 
of lines of force due to the magnet by the number of lines of 
force due to the cloned circuit, according as the direction of ita 
field coincides with, or opposes that of the magnet. But the 
action is nob so simple on the regions of the field outside the 
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plane of the circuit. The direction as well as the nwnber of 
lines of force may be altered, and this in a manner so complex 
as almost to defy calculation, especially if the mutual induc- 
tion between this magnetic combination and tho adjacent iron 
disk be taken into account. The figures obtained with filings 
when the current traversed the circuit in opposite directions 
(see figs. 2 and 3) show that the lines of force proceeding 
outwards from the pole were in fact thus altered both in 
number and in direction, and that, in addition to strength- 
ening or weakening the field, the passage of the current had 
the effect of apparently thrusting the lines of filings forwards 
towards the iron disk or backwards from it. Moreover tho 
region separating the two separate distributions of magnetism 
on the diaphragm was shifted on the passage of the current ; 
being contracted in diameter when tho current reinforced the 
magnetism of the pole, becoming enlarged when it passed in 
the opposite sense. 

Knowing from the experiments of Joule and De la Rive 
that a portion of iron, when magnetized in a particular direc- 
tion, grows longer in that direction and shorter in its trans- 
verse dimension, let us deduce what the effect will be on 
the diaphragm of a telephone of these two species of mag- 
netization. If the m3gnetization were radial, the tendency 
would undoubtedly be, supposing the disk clamped circum- 
ferentially, to thrust the middle point of the disk backwards 
towards the magnet, and to  give it a conical shape. If the 
magnetization, on the other hand, were lamellar, the tendency 
would be to make the diaphragm thicker, and to contract it 
over the area thus magnetized. In  the actual case where the 
magnetization partakes of both characters, the two distribu- 
tions being separated by a neutral zone, the tendency to each 
form would exist over the regions respectively affected. But 
the extent of these regions varies with the varying induction 
of the currents in the coil. Hence, while the total attraction 
varies, giving rise to oscillations of the diaphragm as a whole, 
the neutral annular line will also be continually shifting its 
position and predisposing the diaphragm to take up new nodal 
forms of vibration, thereby rendering the timbre corresponding 
to the complicated undulations of the currents arriving from 
the transmitter. 
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The result obtained may be regarded from another point of 
view. If a slight displacement of the iron disk, though unable 
to affect to any appreciable extent the strength of the magnetic 
field as a whole, alters its strength at any one point or in any 
narrow region, or if, even without altering the average num- 
ber of lines of force in any part of the field, such a displace- 
ment shifts the position of some of the lines of force across 
a narrow region of the field, it may still exercise a consider- 
able inductive action on a closed coil of wire lying in the 
region where the amount of shifting is greatest, For, since 
the induced electromotive force in a closed circuit is not pro- 
portional to the strength on an invariable magnetic field in 
which it lies, nor yet to all changes in its strength, but only 
to such changes as cause a greater or less number of lines of 
force to  pass through the area within the closed circuit, it is 
evident that the inductive action will be strongest in coils of 
wire which lie in the region where there is most change in the 
direction of the lines of force. We have here the rationale of 
the empirical practice of the constructors of the telephone 
alluded to above-namely, that of using only a small coil of 
wire, and winding it upon a narrow bobbin placed upon the 
extremity of the magnet. 

Conversely, the passage of a very feeble current through n 
coil so placed will produce a greater change in the effective 
intensity of the magnetic field between the core and the dia- 
phragm than would be produced by the same current traver- 
sing a similar coil in any other region of the field ; for here it 
hap its greatest power to shift the position of the neutral zone, 
and to alter the distribution of magnetism in the diaphragm. 

It would therefore appear unnecessary to form an hypo- 
thesis of molecular vibrations in the disk to account for the 
emission of sounds by the instrument. Such vibrations do in 
fact exist ; but their existence does not necessarily prove that 
they play any important part in the production of the sound. 
And it must be remembered that, so far as the disk is con- 
cerned, they take place within the narrow range of the extreme 
positions possible to the neutral annular zone. 

Two further experiments seem to confirm the conclusion 
derived from the foregoing observations. If a compound dia- 
phragm be used, consisting of concentric annuli of thin iron 
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fixed to a stretched membrane of paper, or if a small iron disk 
thus fixed be employed, as in Bell’s earliest experiment and in 
some of the experimental telephones of M. Niaudet, a curious 
timbre is thereby imported into the voices of speakers, though 
their enunciation is very distinct. A similar result is found 
to follow the employment of small thick diaphragms. In each 
of these cases the disposition favours the lamellar distribution 
of the magnetism. 

If, however, a compound diaphragm be employed, consisting 
of a number of radial pieces similarly fastened to a stretched 
membrane, tones are well rendered, but enunciation is not 
distinct. This result is also obtained when the diaphragm of 
iron is too large in proportion to its thickness. In  these cases 
the greater part of the magnetism is radially distributed. 

Whenever a complete theory of the telephone is framed, 
these are points which must be taken into account, 

11. On a new Variety of Magnetic Figures. 
De Haldat showed that it was possible to produce magnetic 

writing upon a steel plate by actually writing with the pointed 
pole of a powerful magnet, the writing being invisible until 
fine iron-filings were dusted over the plate. In the Physical 
Laboratory of University College, Bristol, a small circular saw 
has been found to afford a plate of suitable thickness and 
quality to produce good results. The latent characters re- 
mained for eight months after being inscribed. 

While experimenting with these figures, it occurred to the 
author to try the effect of leading the current of a powerful 
battery into the plate and of writing on it with the other pole. 
This done, fine iron-filings were dusted over the plate; and on 
gently tapping it the writing became legible immediately. A 
small thin disk of steel which thus had a current passed through 
its centre exhibited afterwards a magnetism distributed in 
small concentric rings. 

111. On Magnetic Figures for Demonstration. 
For the production of magnetic figures filings of wrought 

iron are usually employed, though cast iron answers fairly. 
Finely powdered magnetic oxide is recommended by some 
Iyriters, though it does not appear that its employment is 
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attended with any great advantage. Professor A. If. Mayer 
took special pains* to produce filings of even quality from 
specially prepared Norwegian iron; but he says nothing about 
the size of filings he found best suited for the purpose. Fa- 
raday made the remark t that “ large and also fine filings are 
equally useful in turn.” 

The author, desiring to obtain figures on a larger scale than 
usual, for purposes of class demonstration, used a number of 
smail steel needles wit,h success. I n  the case of thin elongated 
bodies such as these, the magnetic moment is great as com- 
pared with the mass; hence it was to be expected that filaments 
of fine soft iron wire would also yield a good result. Accord- 
ingly he had a quantity of fine iron wire gauze of 32 meshes 
to the inch cut to fragments. The filaments thus produced 
were scattered in the usual way by means of a pepper-box with 
perforated lid. The figures given by these filaments with 
large magnets possess very well-marked characters, and are 
decidedly superior to those made with ordinary filings. 

W. On tlie Magnetic Beluwiour o f j x e d  Iron Filings. 
Having occasion to draw the attention of his students to 

the property of the lines of magnetic force as being at every 
point) tangential to the position of a small freely-suspended 
magnet placed above them, the author, placing thus a sinal1 
magnet over the filings fised some time previously to glass, 
and from which the magnet producing them had been removed, 
noticed that they still retained their magnetic property. It 
then occurred to him to see whether they still possessed direc- 
tive force as a whole, and found that they appeared capable of 
attracting and repelling a lightly suspended needle. A figure 
produced by a single bar-magnet and fixed permanently to a 
slip of card by gum was suspended lightly upon a needle- 
point by means of a glass cap. It set itself in the magnetic 
meridian, and was found capable of being deaected on the ap- 
proach of a steel magnet. The fised magnetic curves are 
therefore themselves magnets. 

V .  2Cfagnetic Figiwes of three dimensions. 

* T’ide American Journal of Science, 1873. 
t * Rxperimciital Researches,’ vol. iii, 11. 308. 

The writer has sgvernl times essayed to produce magnetic 
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figures of three dimensions. The difficulty in producing them 
.arises from the weight of the iron filings when unsupported, 
as t’hey must be when the whole figure does not lie in one ho- 
rizontal plane, With even the most powerful electromagnets 
the forms of the curves cannot be actually constructed in iron 
filings for more than a few millimetres length. 

Attempts to float iron filings are also difficult, as there is 
no transparent liquid nearly approaching the density of iron. 
The writer has tried heavy paraffins and strong solutions of 
mercuric iodide in potassic iodide. Better effects were ob- 
tained, however, when iron filings were employed which had 
previously been coated wit,h shellac varnish, and which there- 
fore possessed greater buoyancy. The experiment is curious ; 
but the difficulty of seeing across the forests of lines of filings 
reduces the observation to one of curiosity only. 

Another process attempted consisted in plunging a small 
magnet into a soft paste of plaster of Paris and iron filings. The 
plaster shortly hardened ; and then sections were cut in various 
directions. The figures observed, however, were poor ; and 
no observations were made of any additional interest as the 
result of the attempt. 

XVI. The Distvibution cf ‘eat in the Visible Spectrrum. 
B y  Sir JOHN CONROY, Bart.,  M.A.* 

IN a paper “On the Distribution of Heat in the Spectrum,” 
originally published in the Philosophical Magazine for August 
1872, and since reprinted in a volume of ‘Scientific Me- 
moirs,’ Dr. J. W. Draper states the theoretical reasons for 
supposing that all the rays in the spectrum have the same heat- 
ing effect, in the following words :-“ A given series of waves 
-of red light impinging upon an extinguishing surface will pro- 
duce a definite amount of heat; and a similar series of violet 
waves should produce the same amount; for though an undu- 
lation of the latter may have only half the length of one of the 
former, and therefore only half its vis viva, yet in consequence 
of the equal velocity of waves of every colour, the impacts or 
impulses of the violet series will be twice as frequeni RS those 

Read June 28. 


